Differentiated thyroid cancer (DTC) is the most common thyroid cancer with a relatively high survival rate. The association between certain risk factors of distant metastasis (DM) remains uncertain. In order to assess the prognosis of patients with DTC better, the present study aimed to investigate the synergistic effects between histologic subtype, tumor size, lymph node metastasis (LNM) status and extrathyroidal extension (ETE) on the incidence of DM in DTC. Data of 96,788 patients with DTC were obtained from the Surveillance, Epidemiology and End Results database. The association between clinicopathological factors and DM was evaluated by univariate and multivariate analyses. The synergistic effects of relevant factors were determined by measuring the relative excess risk due to interaction (RERI), attributable proportion due to interaction (AP) and synergy index (SI). The results demonstrated that tumor size, LNM status, histologic subtype and ETE were independent risk factors for DM [odds ratio (OR)=2.433; P<0.001; OR=3.998; P<0.001; OR=6.266; P<0.001; and OR=3.873; P<0.001, respectively]. In addition, a significant additive synergistic effect on DM was identified between ETE and histologic subtype, ETE and LNM status, as well as between ETE and tumor size (RERI=34.097; AP=0.706; SI=3.585; RERI=6.425; AP=0.410; SI=1.781; and RERI=76.973; AP=0.864; SI=7.930, respectively). Therefore, the results of this study revealed that ETE with follicular thyroid histology, N1 stage or large tumor size may have a synergistic effect on the risk of DM in patients with DTC. These results suggested that individualized treatment may benefit patients with DTC, and when ETE coexists with one of the identified risk factors, radical treatments may be required.
Introduction
Thyroid cancer is the most common malignancy of the thyroid, with overall incidence rate of 15.04 per 100,000 individuals reported in 2015 (1) . Among the types of thyroid cancer, differentiated thyroid cancer (DTC) accounts for 90-95% of all cases (2) . The major types of DTC are papillary thyroid carcinoma (PTC) and follicular thyroid carcinoma (FTC) (3) . Multiple treatments are applied for DTC, including surgical treatment, thyroid-stimulating hormone suppression, radioiodine, molecular-targeted radiation and biological therapy (4, 5) . The development of individualized, dynamic clinical treatment has greatly improved the survival rate of patients with DTC, with the 10-year survival rate reaching 90% in U.S over the past 40 years, according to the American Joint Committee on Cancer (AJCC) Cancer Staging Manual (8th edition) (6) . However, a number of patients with DTC still exhibit poor survival due to the lack of effective treatment (7) .
A high percentage of mortality from DTC is associated with distant metastasis (DM), which is identified at diagnosis in 2-5% of patients with DTC (8, 9) . The lung parenchyma is the most common site of DM, followed by the bone, brain, liver, kidney and skin (10, 11) . Therefore, the detection of DM in patients with DTC at an early stage is important for further improving the survival rate.
According to previous studies, the presence of extrathyroidal extension (ETE) in patients with DTC, especially gross ETE, may be used to evaluate postoperative therapeutic strategies and is associated with the survival of patients with DM (12, 13) . In addition, the survival rates of patients with PTC and FTC have been reported to be significantly associated with DM (14, 15) . Lymph node metastasis (LNM) status and tumor size are also associated with DM in patients with PTC (16, 17) . Previous studies have also identified ETE and LNM status as independent risk factors for DM in patients with DTC (18) (19) (20) . However, the combined effect of these factors, especially that of ETE with the other factors, remains uncertain. Therefore, the present study aimed to investigate the synergistic effect between ETE and tumor size, histologic subtype or LNM status on the incidence of DM in patients with DTC, which may help clinicians to better assess the prognosis of patients and select appropriate treatment strategies.
Materials and methods
Data collection. The retrospective protocol of this study was approved by the Ethics Committee of Zhongnan Hospital of Wuhan University (Wuhan, China). Patient data were obtained from the Surveillance, Epidemiology, and End Results (SEER) Program of the National Cancer Institute (https://seer.cancer. gov/about/overview.html). The study cohort included patients with a diagnosis of DTC (PTC or FTC) according to the International Classification of Oncological Diseases, 3rd edition (21) , as the index (first) diagnosed malignancy. Patients with Hürthle cell thyroid carcinoma, poorly differentiated thyroid carcinoma, anaplastic (undifferentiated) carcinoma, medullary thyroid cancer, thyroid lymphoma, thyroid cancer arising from a thyroglossal duct cyst and thyroid cancer in malignant struma ovarii were excluded from the study. Patients with incomplete follow-up or missing data were also excluded. Data were extracted using the SEER * Stat software (version 8.3.2; Surveillance Research Program, National Cancer Institute; www.seer.cancer.gov/seerstat) and imported into a Microsoft Excel spreadsheet (Microsoft Corporation). Information on clinicopathological characteristics, primary tumor and treatment strategies were obtained from 96,788 patients with DTC between January 2004 and December 2013. Informed consent was obtained from each patient following a full explanation of the purpose and nature of the cancer incidence and survival data used, and patient records were anonymized and de-identified prior to analysis.
Patients were categorized by sex (male or female), ethnicity (white, black, other or unknown) and age at diagnosis (<55 or ≥55 years) (22) . In addition, patients were categorized by pathological features such as tumor size (≤10 or >10 mm) (22) , LNM status (N0 or N1 stage), DM (M0 or M1 phase), multifocality, histologic subtype (PTC or FTC) and presence of ETE. Patients were also grouped according to treatment, including radiation therapy (none or refused, radiation beam/radioactive implants or radioisotopes/radiation beam plus isotopes/implants) and surgery (none, lobectomy, subtotal/near-total thyroidectomy or total thyroidectomy).
Statistical analysis. Data were imported to SPSS (version 21.0; IBM Corp.) for statistical analysis. Patients with DTC were divided into DM and non-DM groups. To assess the independent risk factors affecting DM, clinicopathological characteristics were compared using the χ 2 test for univariate analysis; binary logistic regression analysis was performed for the relevant variables (age, sex, ethnicity, tumor size, N stage, histology subtype, extrathyroidal extension).
The association between DM incidence and risk factors, including tumor size, histologic subtype and ETE, was assessed using logistic regression analysis with adjustment for other cofounding variables. In addition, 95% confidence intervals (CIs) were calculated precisely. Patients were divided into different groups based on the combination of ETE with the three other factors. The relative excess risk due to interaction (RERI), attributable proportion (AP) due to interaction and synergy index (SI) were calculated to evaluate the synergistic effect of these factors on DM in patients with DTC, where RERI>0, AP>0 or S>1 indicated a synergistic effect. No additive synergistic effect was indicated by the 95% CIs of RERI and AP=0 and SI=1. The Kaplan-Meier method and log-rank test were used to evaluate the influence of the four factors on patient survival.
P-values were two-sided, and P<0.05 was considered to indicate a statistically significant difference. Statistical analyses were performed using SPSS version 21.0 (IBM Corp.), R statistical software (R Core Development Team), and GraphPad Prism version 6 (GraphPad Software, Inc.).
Results
General characteristics of the study population. Of the 96,788 patients with DTC, 60,841 (62.9%) were aged <55 years and 74,325 (76.8%) were female. Of all patients, 79,063 (82.7%) were white, 6,299 (6.6%) were black and 10,246 (10.7%) were of other ethnicities. In addition, 37,584 (39.9%) patients exhibited multifocality, 5,718 (5.9%) had FTC, 31,525 (34.3%) exhibited tumors <10 mm, 15,339 (16.0%) exhibited ETE, 20,963 (21.9%) were diagnosed with LNM and 1,488 (1.5%) exhibited DM. All demographic and clinicopathological characteristics are presented in Table I .
Factors associated with DM in DTC.
The results of the univariate analysis (Table II) revealed that patients with DTC with large tumor size (>10 mm; P<0.001), ETE (P<0.001) or LNM (P<0.001) were more likely to develop DM. In addition, compared with patients with PTC, those with FTC exhibited an increased risk of DM (P<0.001). DM in patients with DTC was also associated with age, sex, ethnicity and multifocality (all P<0.001).
To further investigate the association between the clinicopathological factors (ETE, histologic subtype, tumor size and LNM status) and DM, multivariate analysis was performed with adjustments for age, sex, and ethnicity. Similar results to univariate analysis were obtained (Table III) : Tumor size, LNM status, histologic subtype and ETE were identified as independent risk factors for DM [odds ratio (OR)=2.433; 95% CI, 1.910-3.098; P<0.001; OR=3.998; 95% CI, 3.415-4.681; P<0.001; OR=6.266; 95% CI, 5.176-7.586; P<0.001; and OR=3.873; 95% CI, 3.338-4.494; P<0.001, respectively).
Synergistic effects of ETE and histologic subtype, tumor size or LNM status on DM.
To comprehensively examine the synergistic effects of ETE and the other clinicopathological factors on DM, all patients were divided into three groups with two factors compared in each group (ETE and histologic subtype, ETE and LNM status and ETE and tumor size).
As presented in Table IV (Table IV) .
Based on these results, the RERI of ETE and histologic subtype was 34.097 (95% CI, 23.068-45.126), which indicated that the additive synergistic effect of the FTC histologic subtype and ETE contributed a 34.097 relative excess risk on the incidence of DM. The AP was 0.706 (95% CI, 0.638-0.775), which suggested that 70.6% of DM cases exposed to the two risk factors may be caused by the synergistic effect. The SI was 3.585 (95% CI, 2.82-4.556), which suggested the existence of a synergistic effect between the DTC histologic subtype and ETE on the incidence of DM.
In the estimation of the synergistic effect between LNM status and ETE, the probability of DM was the highest in patients with ETE and N1 stage (OR=16.097; 95% CI, 13.415-19.317; P<0.001) compared with the other subgroups (Table V) . The probability of DM was higher in patients with only LNM (OR=5.047; 95% CI, 4.062-6.270; P<0.001) or ETE (OR=4.902; 95% CI, 3.967-6.059; P<0.001) compared with that in patients without ETE and LNM. In addition, a RERI of 6.425 was contributed by the additive synergistic effect of ETE and LNM on the incidence of DM (95% CI, 4.543-8.307). In addition, 41.0% of DMs exposed to the two risk factors were likely caused by the additive synergistic effect (AP=0.410; 95% CI, 0.323-0.498). The SI was 1.781 (95% CI, 1.511-2.098), suggesting the existence of a synergistic effect between LNM status and ETE on the incidence of DM.
The synergistic effect between ETE and tumor size on the incidence of DM was also evaluated (Table VI) . The probability of DM was the highest in patients with large tumors (>10 mm) and ETE (OR=9.727; 95% CI, 7.295-12.969; P<0.001) compared with those with other combinations of tumor size and ETE. In addition, the probability of DM was significantly higher in patients with larger tumors (>10 mm) without ETE (OR=2.537; 95% CI, 1.903-3.383; P<0.001) and in patients with small tumors (≤10 mm) with ETE (OR=4.430; 95% CI, 2.678-7.328; P<0.001) compared with that in patients with small tumors without ETE.
Further analysis indicated a 76.973 (95% CI, 50.238-103.708) relative excess risk contributed by the additive synergistic effect of tumor size and ETE on the incidence of DM. The AP was 0.864 (95% CI, 0.823-0.905), which suggested that 86.4% of DM cases exhibiting the two risk factors may have been caused by the synergistic effect. In addition, the SI was 7.930 (95% CI, 5.833-10.780), indicating a synergistic effect between tumor size and ETE on the incidence of DM.
Synergistic effects of ETE and histologic subtype, tumor size or LNM status on patient survival. The synergistic effects of ETE and tumor size, histologic subtype or LNM status on survival of patients with DTC were evaluated using Kaplan-Meier analysis. Among the four groups categorized according to ETE and histologic subtype ( Fig. 1) , the cancer-specific survival curves were relatively flat for patients without ETE, whereas patients with PTC and ETE exhibited a modest decline in the survival curve. By contrast, patients with FTC and ETE exhibited a sharp decline in the survival curve. The all-cause survival curve of patients with FTC without ETE was relatively flat, and the survival curve of patients with FTC and ETE exhibited a sharp decline. Patients with PTC with and without ETE exhibited a modest decline in the survival curve ( Fig. 1) .
Similarly, in the Kaplan-Meier analysis of the four groups categorized according to ETE and LNM status, patients with N1 stage tumors and ETE exhibited a sharp decline in the cancer-specific survival curve and all-cause survival curve, compared with patients with only ETE or N1 stage tumors and patients with N0 stage tumors without ETE (Fig. 2) .
In the Kaplan-Meier analysis of the four groups categorized according to ETE and tumor size, the cancer-specific and all-cause survival curves of patients with larger tumors (>10 mm) and ETE exhibited a decline in survival compared FTC, follicular thyroid carcinoma; PTC, papillary thyroid carcinoma; N0, no evidence of locoregional lymph node metastasis; N1, metastasis to regional nodes.
with those of patients with either factor alone, as well as patients with smaller tumors (≤10 mm) without ETE (Fig. 3) .
Discussion
DTC exhibits a lower mortality rate compared with other carcinomas, but certain types of DTC, such as radioiodine refractory differentiated thyroid carcinoma, are difficult to diagnose at an early stage (23, 24) . Patients with DTC have poor prognosis due to DM (25) (26) (27) . Previous studies have indicated that LNM, tumor size, histologic subtype and ETE are risk factors that influence the prognosis of patients with DTC (20, 28, 29) . However, the majority of these studies were single-center, small-sample studies or meta-analyses, and the synergistic effects of these risk factors have not been sufficiently elaborated. The SEER database contains data encompassing approximately 28% of the US population (30) . SEER registries hold the highest level of certification of data quality provided by the North American Association of Central Cancer Registries (31) . In addition, the index of completeness of case ascertainment of the program is 98%, making it the gold standard database for cancer analysis in the US (32) (33) (34) . Therefore, the SEER database allows in-depth analysis of certain clinical issues.
The presence of DM is considered to be a significant factor at diagnosis and during staging according to the Tumor-Node-Metastasis (TNM) classification (35, 36) , and a confirmed diagnosis of DM is associated with mortality or poor prognosis in patients with FTC and PTC (37) . Predicting the incidence of DM in patients with DTC may help develop an appropriate treatment strategy. The treatment for patients with DTC without DM includes local therapeutic measures, such as surgery and radiofrequency; however, in patients with DM, radioiodine therapy is considered the most effective treatment (38) . Therefore, predicting the most unfavorable prognostic factors for DM is crucial for determining treatment strategies for patients with DTC.
The present study used data from patients with DTC and DM from the SEER database to evaluate the risk factors and FTC, follicular thyroid carcinoma; PTC, papillary thyroid carcinoma; M0, no metastasis; M1, distant metastasis; N0, no evidence of locoregional lymph node metastasis; N1, metastasis to regional nodes. analyze the synergistic effects of ETE and the other risk factors. The results of the univariate and multivariate analyses determined that ETE, histologic subtype, tumor size and LNM status were independent factors that influenced the incidence of DM. Among these independent factors, ETE has been emphasized in previous studies. The American Joint Committee on Cancer (AJCC) Cancer Staging Manual (8th edition) (35) has reported that gross ETE may be identified clearly as T3b, T4a, or T4b based on imaging or intraoperative findings. In addition, due to the poor survival outcomes associated with gross ETE, its presence is considered to be a significant reference index for the staging category (35, 39) . Thus, ETE was selected as the key factor in the present study, and its interaction with the three other factors was investigated.
The preliminary analyses of the present study demonstrated that patients with FTC and ETE obtained the highest incidence of DM compared with the other subgroups (patients with FTC and ETE, patients with FTC without ETE, and patients with PTC and ETE). Patients with ETE and large tumor size exhibited the highest incidence of DM. Patients with ETE and LNM also exhibited a higher incidence of DM compared with the other subgroups. Therefore, the results of the present study suggest synergistic effects of ETE and histologic subtype, LNM status or tumor size on the incidence of DM in patients with DTC. Furthermore, the analyses of survival curves using the Kaplan-Meier method also demonstrated synergistic effects of ETE and the other risk factors on survival; a similar tendency was observed in both cancer-specific and all-cause survival More specifically, the evaluation of the synergistic effects based on RERI, AP and SI indicated that the FTC histologic subtype, large tumor size or presence of LNM may contribute an added risk of DM to patients with DTC who also exhibit ETE.
However, there were several limitations to this study that need to be addressed. First, the study was retrospective, and thus, selection bias was inevitable. Second, in the 8th edition of the TNM/AJCC classification system, ETE was classified into minor ETE and gross ETE, and only gross ETE was considered as a risk factor for staging since gross extrathyroidal extension can be identified clearly by imaging or intraoperative findings, whereas minor ETE is difficult to identify (13, 35) . Thus, more data containing gross ETE, and not minor ETE, should be included in future research. Third, all data on ETE from the SEER database were based on pathological diagnosis. However, the majority of the data on ETE in clinic are provided by ultrasonologists during diagnosis. Therefore, in clinical application, the conclusion of this study may be subjected to the subjective influence of ultrasonologists and may vary by institution or provider (40) . In addition, the SEER database may contain certain bias resulting from the sole inclusion of patients registered with Medicare, with data based only on diagnoses or procedures covered by the insurance.
The synergistic effects of histologic subtype, tumor size, ETE and LNM status on DM might benefit cancer management; if two of the four variables are present, this may suggest that the patients with DTC may be more likely to exhibit DM, which is difficult to diagnose at an early stage. Thus, aggressive treatment may be recommended, such as surgical treatment, thyroid-stimulating hormone suppression, radioiodine, molecular targeted or biological therapy (4, 5) .
In summary, histologic subtype, tumor size, ETE and LNM status were identified in the present study as independent risk factors of DM in patients with DTC. The presence of ETE and FTC, ETE and large tumor size or ETE and LNM may have a synergistic effect of increasing the risk on DM in patients with DTC. Study of the associations between these parameters and DM may be helpful for clinicians for predicting prognosis and developing appropriate treatment strategies. To improve data accuracy, more precise evaluations can be performed in patients with DTC by including more risk factors in the analysis. DM, as a significant independent factor for survival, may also have synergistic effects with other associated factors. This may provide guidance for further research on the associations among demographic factors in the future.
